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Abstract 

The variation in lhe species richness of hcrbaceous plants along an altitudinal gradienl was analyzed in the 
Sena do Ouro Branco and Serra do Ribeiro, in the townships of Ouro Branco and Ouro Preto, respectively. 
Planl similarily belween both serras was also assessed. Twenty spols were sampled along a 440 m (1105 m to 
1545 m) altítudinal range; at cach site, herbs were collected within ten 1 m 2 plots, totaling 200 m 2 . We found 
101 species distributedin 59 genera and 25 familics. The richest plant familics in Sena do Ouro Branco were 
Poaceae (22 spp.), Asteraceae (14 spp.) and Cypcraceae (10 spp.), while in Sena do Ribeiro, they were 
Poaceae (17 spp.), Cyperaceae (12 spp.) and Asteraceae (8 spp.). Variation between the number of species 
and altitude was not significam. The higher number of species in Sena do Ouro Branco may be duc to diíTerent 
local cnvironmental factors and to the occunence of grazing and fircs. The serras presented a high similarity 
value (J - 0.44), but cluster and ordination analysis indicatcd the formation of two distinct groups, reílecting 
the imponance of local factors to determine the floristic composition of ncighboring areas of campos rupestres . 
Kcy \sords: biogcography, gradienl, diversity, mountains, similarity. 

Resumo 

A variação da riqueza dc plantas herbáceas ao longo do gradiente altitudinal foi estudada em campos rupestres das 
Serras do Ouro Branco e do Ribeiro, localizadas respectivamente nos municípios de Ouro Branco e Ouro Preto. 
A similaridade entre a flora das serras também foi verificada. Foram amostrados 20 pontos num gradiente 
altitudinal dc 440 m (1.105 m a 1.545 m); em cada ponto, as ervas foram coletadas cm parcelas de 1 m\ 
totalizando 200 m 2 . Foram encontradas 101 espécies em 59 gêneros e 25 famílias. Na Sena do Ouro Branco, as 
famílias com maior número de espécies foram Poaceae (22 spp.), Asteraceae (14 spp.) e Cyperaceae (10 spp.), 
enquanto na Serra do Ribeiro foram Poaceae (17 spp.), Cyperaceae (12 spp.) e Asteraceae (8 spp.). Nào houve 
variação significativa da riqueza de espécies com a altitude e a Serra do Ouro Branco apresentou um maior 
número dc espécies. As serras apresentaram elevada similaridade entre si (J = 0,44), porém houve a formação de 
dois grupos distintos nas análises de agrupamento e ordenação, indicando que a riqueza de espécies em áreas 
rclativamentc próximas de campo rupestre podem estar sob influência de fatores locais predominantes. 
Palavras-chave: biogeografia, gradiente, diversidade, montanhas, similaridade. 


Introduction 

Although Bra/.ilian mountain ecosystcms 
arc of great ccological and ccononiic 
importance, they arc thrcatcned by human 
activitics and their biology is poorly known 
(Martinclli 2007). Studies on tropical mountain 


ranges are important to understand the 
processes and mcchanisms that influence 
biodiversity and organism responses to 
cnvironmental changes, as global warming 
(Gottfried et ai 1999; Lomolino 2001; Beckage 
et ai 2008). 
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Variations in species richncss along altitudinal 
gradicnls are relativcly well studied (Hodkinson 
2005). In short, l\vo plant spccies dislribution 
patiems were deseribcd for diffcrcnt organisms and 
biogeographical regions (Lomolinoe/ al. 2006). The 
firsl onc maintains lhat lhe number of speeies 
dccreases as altiiude inercases (Roscnzwcig 1995). 
This negalive linear rclalionship vvas rcported for 
differcni organisms, as birds (Terborgh 1977), 
herbivore insecis (Fernandes & Pricc 1988; MeCoy 
1990; Carneiro et al. 1995) and plants (Givnish 
1999; Joncs et al. 2003). The second one holds 
lhat lhe number of speeies diminishes as \ve gel 
eloser to lhe extremes of the altitudinal gradient, 
and defines a maximum value of speeies richncss 
at intermediatc altitudes (Gcntry & Dodson 1987; 
Rahbek 1997; Colwcll & Lcwis 2000; Lomolino 
2001; Grytnes 2003). lt was described for diffcrcnt 
groups of plant spccies (Tryon 1989; Grytnes 2003; 
Bachman et al. 2004; Kromcr et al. 2005), herbi vore 
inscets (MeCoy 1990), birds (Hcrzog et al. 2005) 
and mamrnals (Nor 2001). 

Campos rupestres arc found in lhe States of 
Minas Gerais, Bahia and Goiás. They arc usually 
eonstitutcd by mosaies of plant communitics, 
formed by a hcrbaccous stratum followcd by 
pcrcnnial and sclerophyllous bushes and 
subshrubs oecurring at altitudes bctwcen 900 and 
2070 m, on great extensions of quartzilic outerops 
with shallovv, compact litholic soils (Giulictti & Pirani 
1988; Romero 2002). The hcrbaccous stratum is 
mainly formed by speeies of the families Poaceac, 
Cyperaccae, Erioeaulaceae and Xyridaeeae. The 
bush stratum compriscs a high number of species 
of Astcraccac, Mclastomataceae, Lamiaccac, and 
Vclloziaccae (Giulictti & Pirani 1988). 

In lhe Southern Espinhaço Range, the 
Quadrilátero Fevrifero (lron quadrangle) stands 
out by its rich deposils of mincablc resourccs and 
remarkablc biological diversity (Drummond et al. 
2005). The region is distinguished by its high 
diversity of habitais, which may be rclated to 
edaphic peculiaritics, to the charactcristic mountain 
relief of lhe region and lo the fact lhat it is located 
in a transition arca bctwcen the Atlantic Foresl and 
cerrado biomes (Couneil & Murta 2007). Among its 
diffcrcnt phytophysiognomies, we can mention 
forest (c.g. scasonal forests, gallcry forests, cloudy 
forests), savanna (cerrado seusu strícto) and 
grassland (campos rupestres on quanzite, campos 
rupestres on canga and campos limpos) formations 
(Viana & Lombardi 2007). 


The present work survcyed hei^baceous 
plants in two serras located in the Southern 
Espinhaço Range and verified if species richncss 
diminishes with altitude. The influencc of the 
environmental hetcrogencity on the species 
composition of each serra was also assessed by 
analyzing the floristic similaríty of the samplcd 
p laces. 

Material and Methods 

This work was carried out in Serra do Ouro 
Branco (SOB) and Serra do Ribeiro (SR), located in 
the townships of Ouro Branco and Ouro Preto (Fig. 
1), respeetively. The SOB stands out as the most 
significam clement of the Southern border of the 
Quadrilátero Ferrífero. The altitude of its circa 65 
ha varies from 1,000 to 1,573 m (Alkmim 1987). 
Located approximatcly 10 km to the North of the 
SOB, with altitudes varying bctwcen 1,270 and 1,550 
m, the SR comprises a set of two smallcr formations. 
Climate is mcsothcrmic - Cwb (Kõppcn 1948), with 
mild, rainy summers and dry, eold winters. Mean 
annual temperatures vary betwccn 17°C and 20°C 
and the annual rainfall rccords are approximatcly 
1,500 mm (Giulietii & Pirani 1988). In the campos 
rupestres of both serras , the sampling places are 
eharactcrized as quartzitie grasslands with or 
without subshrubs (Rizzini 1979), usually next to 
rocky outerops, sometimes with evidencc of grazing 
and fires. 

Field expeditions were carricd out bctwcen 
March and July 2004. Tcn eollection points 
arbitrarily defined, in an attempt to cncompass the 
different lypes of habitais along lhe altitudinal 
gradient of each serra, were samplcd; gcographical 
coordinalcs and spot heighls (Tab. 1) were 
dctemiined using an Etrex Venturc (Garmin®) GPS. 
Sampling was performed in ten 1 m 2 plots 
syslcmatieally distributed, al a distance of 5 m from 
each olher along a 50 m imaginary line (Pivcllo et 
al. 1999), so that 10 m 2 were samplcd at each 
altitudinal point, totaling 200 m 2 . Plants were 
identified by comparison with specimens kept at 
the OUPR and BHCB herbaria (acronyms aecording 
to Holmgrcn et al. 1990) and with the help of 
specialists. Only the angiosperms composing the 
hcrbaccous stratum were samplcd. Fcrtilc samplcs 
were deposited at the OUPR herbarium. Botanieal 
families are circumscribcd aecording to the 
Angiosperm Phylogeny Group - APG11 (APG 2003). 

Analyses of covariance were performed to 
determine if plant speeies richncss diminishes with 
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Figure 1 - Localization of the study areas in thc southcm Espinhaço Range, Minas Gerais, Brazil. 


altitude (Crawley 2002). On our rnodcl, plant riehncss 
was the response variable and altitude (covariable) 
and thc serras (categorical variable) were the 
explanatory variables. The analyscs were perfomied 
with thc statistical paekage R version 2.5.1 (R 
Development, Core Team 2005), using the ‘glm’ 
proeedure, and Poisson errors were calculatcd 
through chi-square tests (X 2 ). Residual analyses 
were earricd out to eheck error distribution and 
adjust the rnodcl (Crawley 2002). 

We used the Jaecard index to measurc 
similarity betwccn the sampling points (McCunc & 
Graec 2002) and the rclationships bctween them 
were eharacterizcd by cluster and ordination 
analyscs bascd on the method of unweighted means 
(UPGMA), using the F1TOPAC software (Shephcrd 
1996), and on a multidimcnsional scale analysis 
(MDS) earricd out with XLSTAT data analysis and 
statistical solution for Microsoft ® Excel 2007. 

Results 

One hundred and onc spccics distributed in 
59 gcncra and 25 families were eollcctcd in thc two 
studicd serras (Tab. 2). Thc families with thc highest 
number of spccics wcrc Poaceac (25), Astcraccac 
(14), Cypcraccac (13) and Polygalaceae (9). Out of 
this total, 86 spccics grow in the SOB, 41 of whieh 
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arc exclusive to it, and 61 species occur in the SR, 

16 of which are exclusive to it (Tab. 2). In the SOB, 
the families with thc greatest number of species 
wcrc Poaceae (22), Asteraceae (14) and Cypcraccac 
(10), while in the SR, thcy were Poaceae (17), 
Cyperaceae (12) and Asteraceae (8). 

Thc species growing in the widest altitudinal 
range, since thcy found pract/cally along thc whole 
gradient of both placcs, were ímtlopsis scaposa 
(Asteraceae) and Echinolaeua inflexa (Poaceae). 
The most frequent species in both serras were: 
ímtlopsis scaposa and Lessingianthus linearifolius 
(Asteraceae); Bulbostylis paradoxa (Cyperaceae); 
ApocUloa poliopliylla , Echinolaeua inflexa , 
Mesosetum loliifome and Paspalum Ityalinuni 
(Poaceae); Polygalapanicidata and P. longicaidis 
(Polygalaceae). A single sampling point presented 
33 species and no exotic species were collected in 
the study (Tab. 2). 

Although there was no significam variation 
in spccics riehncss with altitude for herbaceous 
plants (x 2 = 2.170; p = 0.141, n = 20), a higher 
number of species was found in thc SOB (x 2 = 
16.515; p < 0.0001; n = 20) (Fig. 2). When each of 
the four richest plant families were analyzed 
scparately, the same pattem was found bctween 
the number of species and the explanatory 
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Tablc 1 - Localization, spot hcight and deseription of the collcclion points in thc Serra do Ouro Branco (OB) and in the Serra do Ribeiro (SR). 


Placcs Gcographic Coordcnates 


Description 


Altitude (m) 


OBI 

0B2 

0B3 

0B4 

0B5 

0B6 

0B7 

0B8 

0B9 

OBI 

SRI 

SR2 

SR3 

SR4 

SR5 

SR6 

SR7 

SR8 

SR9 

SRIO 


2(P30'21,8"S: 43°38'35"\V 
2ff*30’6,4"S; 43°38’ 10,3"\V 
20 a 30’34.5”S; 43°37’54,4”\V 
20“30’28.6”S; 43°37’32.8"\V 
20“3()' 17.6"S: 43°39 , 26,6"\V 
20"30’ I, I ”S; 43°41 '3,5"W 
2(F29' 12.9”S; 43°42 , 36,7”\V 
20°29'4,2"S; 43°42'22,7"\V 
2(r3()' 18,9"S; 43°36*28.6'\V 
2(P30'29,5"S; 43°37*5.5"\V 
2(T27’27,4’'S;43 0 36'9"\V 
20“27’19,2"S: 43 0 35'7.3"W 
2(F27’41,6"S; 43°35’4''\V 
20"29' 1,9"S; 43°35’ 1,5”\V 
2CF28’ 19,8”S: 43°34’51,9"W 
20°28'20,8‘’S; 43°35* i 5"\V 
20 n 29'4.3”S; 43°34’45,8"\V 
20"28’50.6"S; 43°34’54.1 "W 
20°29’3.4"S; 43°34 , 5,8"W 
20 n 29'7,2"S; 43°34'25.4"\V 


Grassland witli a dense hcrbaecous stratum and small outerops. 

Grassland with rarc bushes elose to thc serra watershed. 

Grassland with a dense hcrbaecous stratum, elose an outerop with veiozias. 

Grassland with bushes and subshrubs. 

Grassland with small outerops, few bushes and small trees. 

Grassland elose to a riparian forest, with signs of fires and eattle grazing. 

Grassland with outerops and a large population of veiozias. 

Grassland elose to thc serra watershed with signs of eattle grazing. 

Grassland elose to a riparian forest with signs of eattle grazing. 

Grassland with a large population of veiozias. 

Grassland with watcrlogged arcas on claycy soil. 

Slopc grassland with outerops and watcrlogged arcas on claycy soil. 

Grassland with few bushes elose to a large outerop and a watershed with riparian forest. 
Grassland surrounded hy small outerops and veiozias. 

Grassland with bushes, elose a small outerop. 

Grassland with bushes elose to the serra watershed with great crosion. 

Grassland with small outerops elose to a ereek. Moist and loose soil. 

Grassland with a dense hcrbaecous stratum. elose to an outerop and small (emporary lakes. 
Grassland with a dense hcrbaecous stratum and moist soil, bctwccn a large outerop and a ereek. 
Grassland with small outerops and a large population of veiozias. 


1314 

1232 

1190 

1136 

1318 

1363 

1544 
1477 
1105 
1154 
1517 
1367 
1314 
1381 
1318 
1294 
1458 

1545 
1438 
1472 
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Tablc 2 - Prcscncc (+) and absencc (-) of spccics of hcrbaccous plants along thc altitudinal gradicnt in thc serras do Ouro Branco and do Ribeiro, locatcd in thc Espinhaço 
Range, Minas Gerais, BraziL Vouchcr material is rcprcscntcd by thc collcction number ofR.A.X. Borges (B). 


Family /Spccics 

1 


Serra do Ouro Branco 

3 4 5 6 7 8 9 

10 

1 

2 

3 

Serra do Ribeiro 

4 5 6 7 8 

9 10 

Amaranthaccac 

Goniphretia se a pi gera Mart. (B 96) 










+ 

- 

- 

+ 

- 

- 

- - - 

• - 

Apiaceac 

EryngiunipcindatiifoUum Cliam & Schltdl. (B 58) 

- 

- 

- 

- 

+ 

- 

- 

- 

- 

- 








Aristoloehiaccac 

Aristolocliia srniJacina Duch. (B 15) 

+ 

- 

+ 







+ 








AiKKrynaceac 

Barjonia erecía (Vcll.) Schw. (B 32) 

- 

+ 

- 

- 

- 

- 

+ 

- 

- 

- 








A st eraceae 

Baccharis aphylla DC. (B 45) 

- 

- 

+ 

- 

+ 

- 

- 

- 

+ 

- 

- 

- 

- 

- 

- 

+ - 

- - 

Calca piiosa Baker (B 37) 

- 

+ 

- 

- 

+ 

+ 

- 

- 

- 

- 








Chronitílaena (Icciirnbens ( Gardncr) R.M. King & H. Rob. (B 10) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 





lleterocondyhis amphidictyus (DC.) R.M. King & H. Rob. (B 54) 

- 

- 

- 

- 

+ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

+ 

- 

- - 

hmhpsisscaposa (DC.)O. Hoffm. (B 1) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+ 

+ 

+ 

+ + + 

- - 

Lessingianthus linearifolius (Less.) H. Rob. (B 21) 

+ 

+ 

- 

- 

+ 

- 

+ 

+ 

+ 

- 

+ 

+ 

+ 

+ 

+ 

+ - + 

- - 

Mikania microphylla Seh. Bip. cx Baker (B 46) 

- 

- 

+ 

- 

- 

- 

- 

- 

- 

- 








Poropliyllum lineare DC. (B 31) 

- 

- 

- 

- 

- 

- 

- 

+ 

- 

- 

+ 

+ 





+ + 

Richferago radiata (Vcll.) Roque (B 40) 

- 

- 

- 

+ 

- 

- 

- 

- 

- 

- 








Stevia lundiana DC. (B 39) 

- 

- 

+ 

- 

- 

- 

- 

- 

- 

- 








Lessi/igianthiispsilopliyllus (Gardncr) H. Rob. (B 71) 

- 

+ 


+ 

+ 

- 

+ 

- 

- 

- 








Ste/ioceplialluni niegapotamicum (Spreng.) Seh. Bip. (B 35) 

- 

+ 
















Eupatoriac sp 1 (B 108) 










+ 

- 

- 

+ 

- 

- 

- 

- 

Vcmoniacspl (B 88) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

- 

- 

- 

+ 

- 

- 

- - - 

- - 
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Family /Spccics 


Serra do Ouro Branco 
1 2 3 4 5 6 7 8 9 10 


Serra do Ribeiro 

1 2 3 456789 10 


Bumianniaceac 

Dunuannia bicolor Mart. (B 131) 


+ + 


Convolvulaceae 

fponwcaprocninbens Mart. ex Choisy (B 69) 
Evolvulns aurigenius Mart. (B 70) 


+ - 


Cyperaceae 

Bulbostylis jacobinac (Sprcng) Lindm (B 114) - . 

Bulbostylis jmieifonnis (Humb.Borpl. Sc Kitnth.) C.B. Clarkc (B 111). +-+- 

Bulbostylis capillaris (L.) C.B. Clarkc (B 90) .+- 

Bulbostylis paradoxo (Sprcng.) Lindm. (B 3) + + -+ + ++ + + + 

Bulbostylis scabra (Pcrsl.) C.B.Clarkc (B 7) + - - - + - - -- + 

Lxtgcnocarpus rígidas { Kunth) C.B. Clarkc (B 130) - - - - +. 

lMgcnocarpustaínifolius(Ku\\ih)C.B.C\^vkc(BC)2) - - - - +. 

Rhynchospora consanguínea Bocck. (B 120) .+ - - 

Rhynchospora lapensis C.B. Clarkc (B 118) .+-- 

Rhynchospora pi losct (Kunth) Bocck (B 121) .+ + + 

Rhynchospora setigera (Kunth) Bocck. (B 123) . 

Sclcria virgata Stcnch. (B 52) - - - + - - - + - - 

Scleriaciiyabcnsis Pilg. (B53) - - - . 


+ + + 

.+ 

+ + + + - + 

+ - - - 


+ 

+ 


+ + + + ++ + +- + 

+ + - - - - + - + + 

+ - - + - - - - 

+ + - + ++ + + + + 

. . . . - - . + - - 


Drosernceae 

Drosera uwntana A. St-Hil. (B 84) 


+ - - 


Frioeaulaceae 

Paepahuithnsfreyreissii (Tluimb) Kocm. (B 1 17) 

Pacpalantlms pubescens var. chapadcnsis (Kocm.) Ruhl. (B 119) 
Paepalanthiis sphacroccphahis Ruhl. (B 97) 

Syngonanthus cnuícsccns (Poir.) Ruhl. (B 132) 


+. 

- + + + + + 


+ + 



■u 

u 


* 

* 


> 

£ 

£ 


9p 

S 


ro 

r 
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Family /Spccics 


Fabaceac 

Golactia martii DC. (B 126) 

Styloscmthes ca pi ta ta Vog. (B 91) 

Zomia lUpliylla (L.) Pcrs. (B 86) 

Gentianaceae 

Curtia iliffnsa Cham. (B 109) 

Scluiltesia gracilis Mart. (B 102) 

Iridaceae 

Sisyrincliiiini alatum Hook. (B 9) 

Sisyrincliiiun vaginatum Sprcng. (B 59) 

Trimezio jiuicifolia Klatt. (B 22) 

Trímczio iutea (Klatt) R.C. Fostcr (B 78) 

Lamiaccac 

liyptis mídicaulis Bcnth. (B 43) 

Lentibulariaceac 

Utriciilaria amethystimi Salzm.ex A.St.Hil. (B 82) 
Utriciilaria flaccitla A. DC. (B 133) 

Utricnlaria gibba L. (B 103) 

Mclastomataccae 

Tiboucliina hieracioides Cogn. (B 28) 
Orchidaceac 

Habcnaria rupicola Barb. Rodr. (B 93) 
Epidendrnm spl (B 27) 

Orobanchaceae 

Buclinera lavandiilacea Cham. & Schdlt. (B 29) 


Serra cio Otrro Branco Serra do Ribeiro 

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 


+ - 
+ - 


+ 


+ + - 


+ 

+ 


- - .+-- 

+ + ---------- 

+ + -+ + ++ -+ + +----+-- 

- + - + + + ---------- 


+ -- + -- -- 


+ - - - + 


+ + + - 


+ 


+ + 


+ + + + ++--- 


+ + + + - - + - - 

.+ - - - - 


.t- 

ui 


i|iiii|iiii 
i 
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Family /Spccies 


1 


Serra do Ouro Branco 
2 3 4 5 6 7 8 9 


10 


Serra do Ribeiro 

I 2 3 4 5 6 7 8 9 10 


Poaceae 

Apochloa cuprcpcs (Renvoize) Zuloaga & Morronc (B 94) - + -+.+ 

AfHKhl(xi poliophylla Renvoize & Zuloaga (Zuloaga et Mormne) (B 42) + - + + - - + + +- 

Àristida reciir\'ata Kundi(B 20) + - - - + - - - + + 

Aristúla torto (Ness) Kunlh (B 47) - - + - - - - 

Axottopus brasil ien sis (Spreng.) Kiihlni. (B 17) + - - +. 

A.xonopus cancsccns NessexTrin. (B 61) .+ - 

Axonopus cUrysoblcpharis (Lag.) Chase (B 13) +---+ . 

Axonopus fastigiatus (Ness) Khuhn. (B 25) + + +++- - + - - 

Axonopus pressus (Ness cx Slcud.) Parodi (B 79) .+ - 

EebinoJaena injle.xa (Po ir.) Chase (B 4) + + + + + + + + + + 

Mesosetum lolüfonnc (Hochst. ex Steud.) Chase (B 5) + + +-+++-+ + 

Paspalum hyalinum NessexTrin. (B 2) + - + ++ ++ + - + 

Paspalum polypltyllu/u Ness cx Trin. (B 18) - - - + - - + + +_ 

Scldzachyriu/nsanguincum (Rclz.) Alslon (B 100) - - - + - - - - - 

Schizachyrium tencrum Ness. (B 67) .+ -- + + 

Sporobolus inetallicolus Longlii-Wagner & Bocehal (B 34) + - - - +. 

Sícincltisnia decipieiis (Ness ex Trin.) \V. V. Br. (B 87) . 

Thrasyopsis rcpanda (NessexTrin.) Parodi (B 74) .+ + + - 

Trachypogon spicatus (L.f.) Kunlzc (B 81) + - - - - - + 

Tracltypogon vestitus Anderson (B 14) + - + -+ - + - - - 

Tristachya Iciostachya Ness. (B II) + - - - +. 

Poaceae spl (B 23) +. 

Poaceae sp2(B 44) -. 

Poaceae sp3 (B 73) . 

Poaceae sp4(B 65) .+ - - 


Polvgalaceae 

Polygalabryoidcs A.St-IIih (B 66) 
Polygala cuspidata DC. (B 70) 


+ 

+ + 


+ + - + ++ + -+ + 

+ + + +. 

- - + - ++ + --- 
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Serra do Ribeiro 

I 2 3 4 5 6 7 8 9 10 


Polygala filiformes A. St.-l iil. (B 51) 

Polygala Umgicaulis Humb.Borpl. & Kunth (B 129) 
Polygala paludosa A.St. Hill. (B 60) 

Polygala paniculata L. (B 41) 

Polygala radlkofcri Chodat. (B 110) 

Polygala rhodoptera Mart. cx AAV.Bcnn. (B 48) 
Polygala spl (B 16) 


+ + + + + + + + - - 

+ + - - + + + + 


+ + - + + + 


+ + - +++ + -- + 


+ + 


+ + 


+ - 


Kubiaceac 

Galianilie angustifolia ( Chain. & Schltdl.) E.L. Cabral (B 19) 
Spermacoce veríicillaía L. (B 75) 

Spennacoce suaveolens (G. Mcy.) Kuntzc (B 68) 

Spermacoce neotenuis Govacrts (B 72) 

Declieuxia cordigera Mart. & Zucc. (B 6) 

Psyllocarpus schwackei K. Schum. (B 38) 


- + - - + - 

. + - 

+ + -+ + ++- 
+ + - - + - 


+ - 


- + 


+ + - 


Solanaceae 

Sclnvenckia americana L. (B 95) 


Turneraceae 

Tuniera oblongifolia Cambcss. (B 56) 


+ - 


Vcrbenaceae 

Lippia sericea Cham. (B 55) 


+ - 


Xyridaccae 

Xyris graminosa Pohí cx Mart. (B 113) 
Xyris tracbypbylla Mart. (B 12) 


- - + - 

+ + - - 


+ + 
+ - 


+ + - 


+ + + 
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variables, but, again, thcre was no significam 
variation in species richncss with altitude: 
Asteraceae (% 2 = 3.708; P = 0.054; n = 20), 
Cyperaceae (% 2 = 1.081; P = 0.299; n = 20), Poaceae 
(X 2 = 1.9702; P = 0.160; n = 20) and Polygalaceae 
(X 2 = 0.554; P = 0.457; n = 20). Nevertheless, the 
number of species of fainilies Poaceae (y 2 = 3.741; 
P = 0.05; n = 20), Asteraceae (X 2 = 10.563; P = 
0.001; n = 20) and Polygalaceae (y 2 = 6.252; P = 
0.01; n = 20) was significantly higher in thc SOB, 
whereas the number of species of Cypcraceac (X 2 
= 4.681; P = 0.03; n = 20) was higher in the SR. 

Forty-fivc species (44.5% of the total) werc 
sampled in both serreis , whose similarity was high 
(J = 0.44), although the cluster and ordination 
analyses yielded two distinct groups (Fig. 3 and 
Fig. 4). The cluster unalysis showcd that 
contiguous points on the altitudinal gradient tend 
to be more similar, mainly in the SR, whose samplcs 
presented higher similarity values than those of 
the SOB. 

Although the MDS analysis showcd an 
organization similar to that of the UPGMA, it 
revealed different rclationships betwccn some 
points, i.e. points 1 and 2 of the SR and point 8 of 
the SOB; and the points 7,9 and 10 of the SR (Fig. 
4). The highest similarity value is bctween points 
5 and 6 of the SR (J = 0.61), while points 9 and 10 
of the SR grouped outside thc set of the two serras 
(Fig. 3 and Fig. 4). 


Discussion 

The total hcrbaceous richness recordcd in 
this study is similar to that reported in other floristic 
surveys in campos rupestres (Giulietti et al. 1987; 
Stannard 1995; Pirani et al. 2003; Zappi et al. 2003; 
Conceição & Pirani 2005; Viana & Lombardi 2007). 
Howevcr, these results are probably underratcd 
becausc lhe sampled arca was small and the field 
work was only carried out in one climatic season of 
thc ycar, so that it does not take scasonal variations 
into account. The higher species richness found 
for families Poaceae, Asteraceae and Cyperaceae 
is also corroboratcd by previous work (Giulietti et 
al. 1987;Safford 1999; Filguciras 2002). 

The abscnce of exotic species at collection 
points shows that fcw disturbances affect the 
studicd place, despite of the presence of caule and 
the occurrence of frequent Ftrcs, especially in the 
SOB, where populations of Melinis niuiutijloru P. 
Beauv. and Hyparrhenici rufa (Nees) Stapf. grow 
along the highway that crosses it. l he occurrence 
of ftres increases the probability of intrusion of 
invasive African grasses as Melinis minutiflora . 
Urochloa electimbens Stapf. and Megathyrsns 
nmxinuim Jacq. (Pivcllo 1999). 

Although the gcographical proximity and the 
similar orogeny of the two serras imply similar 
climatic conditions, geology and biogcographical 
history of the species, the SOB presented higher 
richness of herbaceous plants than thc SR. A 
possible explanation is the effect of gra/.ing and 
fires on the plant community strueture of grassland 
vegetation (Howe 1994), since, in the SOB, the 
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Figure 2 - Variation in hcrbaceous species richness 
according to altitude (x 2 - 2.170; p = 0.141, n = 20). 
Serra do Ouro Branco ( A ) and Serra do Ribeiro (•). 
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prcscnce of cattlc and a more fires is frcqucntly 
observed during thc dry scason. 

llcrbaceous species composition, mainly in 
natural grassland formations, has bccn found to 
present modificaiions related to the intensity and 
to thc historical time of cattle grazing (Puchetaeí 
a!. 1998; Olff & Ritchie 1998). Whcn comparing 
samplcs of a same area impacted by large grazers in 
eastem Australia, Mclntyrec/rz/. 2003 verifiedthat 
those with mediurn disturbance intensity presented 
highcr plant richness as comparcd to samplcs with 
little or much disturbance, which thcy cxplained by 
a dccrcase in compctition and an increase in 
rcgcncration. 

Along the altitudinal gradient, local factors 
can be more important than regional ones to 
determine thc occurrcncc of spccies (Pausas & 
Austin 2001; Hcrzog et ai 2005). In this contcxt, 
thc facts that almost 30% of the total spccics occur 
in a single sampling point and that diffcrent spccics 
richness was found bctween samplcs at similar 
altitude suggcst that thc communities can bc 
influeneed by local factors or present a great natural 
variation in their spccics composition, with high â- 
di versity values (Licbemian et ai 1996). Again, one 
should kccp in mind that the result interpretation is 
partial and rcstricted, duc to thc small sample size. 
In addition, thc highcr number of specics of families 
Burmanniaccac, Cypcraccac, Eriocaulaceae and 
Gentianaccac in thc Serra do Ribeiro is related to 
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favorable local characteristics, as the presence of 
slopes with moist or soaked soils, a typical 
cnvironment for gi ven species of these families, as 
Bnrmannia bicolor Mart., Rhynchospora 
consanguínea Boeck. and Syngonantluis 
cautescens (Poir.) Ruhl. 

According to Sano & Almeida (1998), campos 
rupestres often shclter single species clusters, 
whose presence is conditioncd, among others 
factors, by soil moisture. In thc Espinhaço Range, 
seasonality is evident, with heavy cloud covcr 
during the winter, which causes high moisture, 
sporadic rains and a lot of dew, so that some regions 
have a watcrlogged soil all year round (Giulietti & 
Pirani 1988). 

The abscncc of pattern in species richness 
variation as altitude increases in both serras rcflects 
the heterogeneity of thc studied vegetation, which 
suggests thc nced of studies on the influence of 
local environmcntal and biological factors on thc 
distribution of hcrbaceous plants, such as the 
availability of nutrients or water in thc soil and 
competition or facilitation, respectively (Mallen- 
Cooper & Pickering 2008). Thc Espinhaço Range is 
a low altitude, very fragmented formation, which 
implies a small influence of macro-scalc factors 
along the altitudinal gradient (Carneiro et ai 1995) 
as, for instance, climatic changcs and the formation 
of different habitats (Whittakcr et ai 2001). 

Furthcrmore, the proximity bctween thc 
sample points and the diffcrences in elevation 
ranges and distanees betwccn them should also bc 
considcrcd to explain the abscncc of an altitudinal 
pattern. Nonethcless previous studies carried out 
on broader altitudinal ranges presented consistem 
variations in organism distribution, which resulted 
in a statistically significam rclationship between 
spccies richness and altitude (Gottfried et ai 1999; 
Kcssler 2000; Jones et ai 2003; Grytnes 2003; 
Bachman et ai 2004). 

Since thc serras presented a high number of 
spccics (44.5%) in common, the formation of the 
two groups observed in thc UPGMA and MDS 
analyses probably rcflects the different occurrcncc 
of spccies at the sample points of each serra, which, 
in tum, have pcculiarities similar to insular systems 
in thc determination of species richness (Conceição 
& Pirani 2007). Thc highcr similarity found between 
contiguous SR samples is probably due to the low 
species richness variation bctween them, since 
great part of thc spccics of this serra grow in various 
sample points. 
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Neverthelcss, despite thc small area sampled 
at each point, the marked differcncc bctwccn points 
9 and 10, in thc SR, may be related to thcir isolation 
in the landscapc. In addition, the oceurrcnce of 
speeies in spceific plaees and thc coneentration of 
speeics in a single sampling point (Tab. 2) and thc 
presence of different speeies riehncss between 
samples at similar altitude (Fig. 2) point out the 
importanee of local faetors in the speeies composition 
found, whieh eontribute to the formation of mosaies 
in campos rupestres (Conceição Sc Pirani 2005). 
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